Threonine phosphorylation post-translationally regulates protein secretion in Pseudomonas aeruginosa.
Secreted proteins are crucial to the arsenal of bacterial pathogens. Although optimal activity of these proteins is likely to require precise regulation of release, the signalling events that trigger secretion are poorly understood. Here, we identify a threonine phosphorylation event that post-translationally regulates the Hcp secretion island-I-encoded type VI secretion system of Pseudomonas aeruginosa (H-T6SS). We show that a serine-threonine kinase, PpkA, is required for assembly of the H-T6SS and for secretion of Hcp1. PpkA activity is antagonized by PppA, a Ser-Thr phosphatase. These proteins exhibit reciprocal effects on the H-T6SS by acting on an FHA domain-containing protein, termed Fha1. Colocalization experiments with the T6S AAA+ family protein, ClpV1, indicate that Fha1 is a core scaffolding protein of the H-T6SS. Mutations affecting this H-T6S regulatory pathway provide a molecular explanation for the variation in Hcp1 secretion among clinical P. aeruginosa isolates. This mechanism of triggering secretion may be general, as many T6SSs contain orthologues of these proteins. Post-translational regulation of protein secretion by Thr phosphorylation is unprecedented in bacteria, and is likely to reflect the requirement for T6S to respond rapidly and reversibly to its environment.